J- CAT 4

SCHRODINGER'S CAT 3 KITTENS

4 ) QUASI- CLASSICAL STATES OF
HARMON(C  OSCILLATOR ( H.0.)

) SCHRODINGER - CAT STRTE

3) FRAGILITY OF & OANTUM  SUPEBPOSITION

..1935 |

> = w5 eaT +,-if-;ggf<@

2

0/ L
N R+ D e 5

3k
B e l




S.CAT &

%1)QUA3\'~CLAssiCAL STANTES OF H.O.

(L, RO  OPERATOR HETHOD

A\ s 2 A D
. H = I 4 4 mwlx
Zm z
A R
' xR = Mo
EENCE
2 N
r= =
'Vfthb.)
A. A 2 _/\7_
H = ha (P + X 5
2

Vz
. -
a+§ bl </)\< —('E )
V=
N CHAPTER L WE DENCTED
a_= Q [a,a = 4.
sooate e’



e SOLUTIONS
H{m>=E n>

A@m("()f <X M

; a+(m>: (mea [ M4 4>

a a |[m> =
0 -/«,"../\ y
(’"& = R (c\ o -2—->

2

Eﬂ\:JRud <N\+ /f)

CROUND STNTE M= 0O
>
ol o> = @)
A A |
<)( + O E > { O > = O | |
>IN COORDINATE

X D BASHS
<'>(( X FP lO)'tO

S. CAT

3



S.CRT %

L QUASI - CLASSICAL STATE
e e e gl e S
E1CENSTATE OF @ WITH EVGEMVALE o ( C'OHPLEX)

A . AT ’ *
aldS> = o o> okl o = <K

e ——

s | m > FORM A COHPLETE SET

o

[44°

[m >

)

Il =

O

)
2N
_%X
?}
"y
3
v,

L o> = Z Lo, [mo>

. o =4 4
., . & X o
l//)’\f’(
. SOPPOSE WE cHoosE o, = C  (CoNsTAWT)
RECORSIWVELY o, = .

=

C
2.
e

A

-



S.CKN
oL = oL C
= m
| >=c2  *° (n
MNT 0 (/M\?
Ay NORMALIZATION Zoilph e = 4
2 SQ_ = AN M N\
= (C L Z o 2 < M| M >
MG m=¢0 lm K_,,_\/\..
‘szm
2 = m 2 lo(lz
M = O m]
\I/ ;
le | oS
= e
~ e = O</r\
lOQ > = e Z oy {M>
Mz O M,

( ALSO CALLED A COHERENT §TP\TE)

T &

/



3
S (AT\

A N ) «
- SR SN 0> 0 il [ >

P | P

A

) <x‘lpﬂo<> - hw < |a'q +Xi\o<>

Tw (\Ddz_‘_ 1)

2

|« [ cAn BE INTERPRETED AS
AVERAGE VALUE of EXCITATIC

* <X = /= <o<{'/>\(\o(>

ma)

= Fi—<04]€\+o\
= B =

N LEVEL

i

1l

I
ﬂ
st

£
~
E_.
2
>



2 A 5
Ue = < (4= 23] | %>
A 2 _ A 2
= <K XL > = XD
A oAb oy AT\ A2
=R 4 < ‘(O\Jfox )(5\\-+O\>\0<>-<X>
mey) ¢
A 2 AT e A
:_E__i<n>(\0\ + Q 4+ aa +ac\lb(>
/YY\(QZ vv?w“/\
A 2 4 +a G
- < X >
:_)R__/—'-<o(+o(k2+4+20(0()
moy 2
<X )
- 2 ; ) E'e
o 2 (@eo') 2) - E e
) 2 med
| - S
D’Zz 1?1 (NDEPENDEM OF‘%(X’TZ)
: Imed
b}r2=<°<\(i’~<l’>) it )
b
= - oo A o=
= homw 1<oz-x)+4>_mwz<_:__)
2 ¢
I o= 4
G = b <-f )
G~ ™ = oy MIN{MUM ONCERTAITNTY STATE Y
x P = =



L

S.CAT

WAVE FONCTTON (N COORDINATE  SPACE
N\A/vwwv\/\AMJ\MA/W\—

/\Lm(xxi <Y(b(>

2\‘;{§: £ (o« >

NoE < X > = (2 Re

C is NORMALI ZATION CON STANT

3

/



S.CATQ

L, WAVE FONCTION (N MOMEMTUM SPACE
/\N\/\N\/\/WW\/\/\/\/\/\/\A

@d(f)s 2 Bl >
< Plaly = w <Efa>

<Q[%(§+cﬁﬂx>::x<ﬂ\«>




S.CAT AC
N

Ly TIME EVOLUTION OF S UASI- CLASSI CAL STATE

/\N\MNWM‘/\MM/‘MW

e SUPPOSE AT E=0 | O6SCILLATOR (S o

QUAS(- CLASSICAL STATE
|4 (t=0)> = | oy WiTH o, = (Deca
¢, 0 € iR
. o
e TIME EVOGLUTION " |
|p(6)> = € e Zoo b(:(\ e—%EM[—l/n>

SATISFIES ﬂ | () > = ch 7%; KA

Em:{‘-\w(’f\f%)\l/
_ (%)t - (wb = ok
]‘\{)(f)>= e - e Z <0(0e >
. -
/n-
_(wb —L(Uf~@)

wore (AR | = delsl= P

_ < Ldt'/Z

lgt)> = e [ % () >

AT LATER TIME €, OSCIiUATOR (S STIL I
A GUASI - CLASSICAL STRTE ol (t)



d
S.CAT \’f

_ <o) [X | x>

ll

ZE Re ol (H)
M

'[__-Zﬁ () cen (QJ[’-@) = X, o) (w[._@)
M

e <P = <NM®O [P 14>

1]

<x(O) [p | (B>

= Yo' I & (F)
=\ mmtw P A (Wb - @)

e PQ AU‘;\((‘Q&"@)

NOTE <P>f‘: /VY\OZ‘%: <)(>6_

<XPL <PO¢ SOLUTIONS OF

~ (
CLASSICAL OSPERATOR .

NOTE o o oK

i
, 2 |
R Goe 11 > D)

Up :f€<’<j—-
< PD¢

BOTH PoSiTION 3 MOMENTUM QUITE ACCURRTELY DEFNED

—




Ly

PENDULUM

/Q: 4

m = 43

S CAT

DESCRIBED BY ©UASI- CLASSICAL STATE

X AMPLE
E=0
(3 CJ =

® Ux =~ 40
[<¥ 3 |
G
[<P>¢]
o AFER L
L/

6 /407 343
~ 40 < %

Ko = (3.9).10

4

(2)1.05% 0>

9

No I::I

}

=



S.CAT A3
=> 2) SCHRODINGER - CAT STATE

o AT (=0 . STATE 1S it QUASE- CLASSICAL STATE
IN(E=0)> = [ >

E T - ADD A CoOPLINC
o BETWEEN LO;‘:I ONE S

AN /\+/\
W = ﬁg(
WITH g > AND W< 4
y
HAM{LTOMIAN DORING [o,T_:] \6/10
Good  APPROXI MATTON  GIVEN BY W

A\
o EWGENSTATES OF W ~— —= [M> 2
z } N[> =R
E1GEN VALUES —5 F:a M
\N\/z i i'amzl"
M=0 rm”
o FOR SPECIAL CASE L L
PP
50 T 2.
: Lﬁ”ﬂm aL_Z‘Lm o y M cDp
€ == e &
4 , M EVEN
~(‘7‘,L (.-E—:~ "



S‘CAT\
I ¢ U
4 - 7
\’\L(T)>: : {e (b(>+€ I—&)}
Vz |
e FOR A =(( Czc_-(R
<;<>: 0
<I/;>: . 'Z,V\_t;\(,g_\ﬁ, FoR (£ A >
[E8
[« > AND (=%

FOR [ | >> T

ARE MACROSCOPICALLY DIFFERENT

STATES ©F SCHRODIMGER'S O\T>

(e.c}'DE?\D' op | ALWE'
| T - PoSITION
PROBABILITY DIsTRIBOTION FOR  POSIT

P(x) = | XIHTD

- O (

,—__Zile b MO((X>*C‘ {\[_N(X”Z

It
O
—-N
(4N,
|
><
Q]
N
LS
o



5. CAT 7%
™~

04 y X
o
T NZC y
¢ PROBABILITY PiSTRIBUTION FOR MOH HMENTU
P(P) = | s PIN(T)Y }

_(l_ ,E

- jé'le ¢<P>+€ ‘(‘P_ ']7))2

";‘47(3 wﬁ()‘

\L L10»(( ) C € )L
oo - -3 (E _fze) ecgez(i ¢
= 1< '6 e -+
2

_(p-fe)t - (BvEe)
P(P) = e 4 €

T _f
GAUSS\P\N cENTERED Al ) /é . Vg()
< P S = V2 f
A ?(P) ¢ >> 1
NECLIGBLE OVERLAP
=3 4/@




e QM SUPERPOS{TION T ohT e

PREPARE N SYSTEMS N

STME (N(T)> - &an sOPERPOSITION OF 2

QUASI - CLASSICAL STRIES

(i ¢. HRCROSCOPICALLY DIFFERENT )

A PERFORM MEASORE MENTS orF I

4 4¢ 3P < 2 ¢
—_—

V2 -

)

£ OF
MEASORING APPARATUS

-
R MO 1 - & M/ TIMES oNE (MERSURES L =
/it " q:_

~ M2 =

RESOLOTION

S om)

2

2
: c

e STATISTICAL M XTURE
insTERD ©oF N SYySTEMS N STATE (N (T) >

STATISTICAL MiXTURE OF

N (A D

" |__ o >

coNSIiDER
N2 SYSTEMS

¥

M{2
8 TERFORM - MERSURE MENTS of T7 o EACH SYSTEM

iN A D — 7 = Y‘Z“G
— _[? 7~V2€

N(2 SYSTEMS

M/ R PN

& sheee weseut Qi TR T



5. CAT \47!
CAN WE DISTINGOISH BETWEEN BOTH CASES 2

N SYSTEMS (N Q™ SUPERPOS(TION  |A(T)>
R, ) |
Ny STATISTICAL M{XTURE OF Nf2 SYSTEMS N o>

N{2 " o= >

MEASURE TOS(TION M BOTH CASES
ASSUMING THAT  RESOLUTION

dX <« = (ce. ONE'CAH ‘Fc‘)LLo‘w
¢ 0 CILLATVONS i

cor “(XE VZ - T4 )

L roR QN SUPERPOSITION

— K o =
WE MERSORE T (X) ~ ¢ ced (Xf‘t/-»‘l{'.)
AT CTION MODULATED BY
(OSC\LLI\T\NC FONCTION GAUSS(M‘\>
L, rop STRTISTIGAL MIXTURE

(SAHE FoR | % > AMD l~°<>>

WE MEASURE .

PO~ | F )~ e ( GRUSSIAR)

S WE CAN DisTingUisH  BOM S TTUATIONS

I= sX « 4
| «C

Sx <% ]/Wﬁw é’_

FOR EXAMPLE ©OF PENDULOM

X ~6 — 25
Sx << BiG <1 I /IO g AU A0 M

comr——r

&g 1
e 1077
RESOLUTION NOT POSSiBLE (N TRACTIEE



S'.QA‘T,48
= 3) FRAGILITY OF QUANTUM SUPERPOS ITION

N REALISTIC S(TUATION , OSCILLATOR (5 COUPLED

TO EWIRONMENT

®

(, THiS WiLL DETRMINE HOW LoNG ONE  CAN
DISCRI MINATE BETWEENM QGM™ SUPER POS { TLON

AND A STATISTICAL MIXTURE ((HALF (N ONESTRTE,
HALE (N OTHER STATE )

DiSSIPATION HODEL FOR QUAS [ - CLASS [CAL STATE

L-o  OSCILLATOR (S i QUASI-CLASSICAL STRTE | o>

EHVIRONMENT | Q(e (o) >

STATE OF TOTAL SY STEM

1P (o) = [ded> | X (0)D
Exo g s = T > [ KBS

~ §€

041 = b<((:) €
,_.('CQ(:'
O((&) = 0(0 e
¥ 0 (¥eR) DAMP(NC OF STATE
DIOE TO CoUPLING
o ENERGY OF OSCIUATOR AT THE €

<ol > = R (1)« )

ho ([l 2 4 )
GROOND STATE

R 55 2’{—‘— > oSCILLATOR (S (M (TS
A

. _, ENERGY ACQUIRED BY ENVIiRONMENT
2¥  E(o)-E(t) ~ huloe|t2XE



»

o _ S.CAT 19

Leo @ OSCILLATOR s iN SCHRODINGER CAT STATE

A - “c'~!t—/£/ Ty
V_—Z‘— i ¢ (&c> Tk [” 9(0>}
TOTAL SYSTEM
N _L‘[—‘-/‘{ ¢ W/L( |
[L(0)> = é—{e [of, > *¢ {—o(o>}l?g(0>

o ' _ (Tl -
Ero gy = £ Je PR EANCH

. | |
| 5% | VN 2 NORMAL(ZED STRTES
l /Xe (£) > / I?(?l (6) e - i T THAT
of ENVIROHN HENT
ARE A PRICRI D (FFERENT

(NoT ORTHOGOMAL )

N OF OSCILLATOR'S POSITION

L> PROBABILITY DISTRIBUTIO
E EWVIRGN MEWT

NDEPENDEWT OF STRIE ©

(X =]« X 1€E)> |

(Tl Ty

- ;fz{e \(x) ) e ﬁfvé('*)”‘;(f)l}

Wy - ( Wy -
L™y ve K 10



* :
eaRe [ (Y (x) <KOJRE
4 B N~
-y 7
| SAME AS BEFORE BUT OSCILLATION

PROBAB(LITY TDISTRIBUTION FOR MOMENTUM

P(2) - %{ l‘&f-‘—’))l Y (EHL

1—2%[ LP (2) 7]}

V\_/
FoR @ > 1  OVERLAP OF
2 CAUSSIANS (S NECLIC(BLE

2 {1g@F <19, @



5. CAT 21
-

® POS ITION MENSCREMENT ~ CAN DISTINGCO(SH
BETWEEN QM SOPERPOSITION & STATISTICAL MUXTURE

PROVI ;IS NOT TO i 4
RWWIDED / F T00 SHALE €. 1. /’7>(4_5

o ENVIRONMENT MODEL - 25 OSCILLATOR (SAHE m , ) )

E=0 ( ’7(:(0) S = (0> GROUND  STATE
tyo ( Ho e = | AAS QUAS(— GLASSICAL
) STATES

AND ASSUME FOR  YEw 4 => |pl°= 24t (o | "

SRR S F AR

= = fbap 2
-1 2 2 m
S S
M=o m !
_21B?
= B

N GO\ H BETWEET

(, v ORDER TO D(5T
‘cAL  MIXTURE

QH  SOPERPOSITION % STATUSTI

I .
- .3 - { 4
= e 3 VAR



S.CAT\ZZ

(s EWNERGY OF A° OSC(LLATOR FOR F« .647
E(t) = E(0) — 28 ldo| R

(s ENERGY OF 2°  OSC(LLATOR

F'(€) = B+ 2%t o, | Fe

E A SINGLE ENERGY HUANTUM s EXCHAMNMGED
NGO(SH BETWEEN

T (s DIFFCULT T© (ST
Mi XTORE

! SOPERPOS(TION R STATISTICAL

L. For PENDULUM EXAHDPLE

(225)1 = A yewx = 5 A6 A

fl=a <

1.
LIFETIME OF
- : - . DISSIPATT QH SOPER -
EVEN WiTk VERY WERK Dis (PATION o

\TER 40 Ty WE CAtnoT  DISTINGUSH

ANy MORE BETWEEN &M SOPERPOS(TION
3 STATISTICAL MIXTURE (Z



S'.CA‘T\Zj

QUANTUM SYSTEMS (¢ SCHRSDINGER'S ®ITTENS
W’\,\

NOBEL PRIZE 2042
SERGE WAROCHE & DAVID WINEIAND

HESOSCOPIC  SYSTEMS ( SCHRUPINGER'S Kl'TrENS)

/\/«)

(, sHALL & TRAPPED (ONS Off PHOTONS It CAVITY

[, ]5 ~o 10

ALLOWS TO STUDY T{ME EVOLOTION
OF SCHREDINGER CAT SThTE
TOWARDS CLASSICAL STATE
By DECOHEREMCE

SEE e.q. NATRE 455, 510 (2008 )

~>  HACROSCOPIC  SYSTEMS ( SCHRGPINGER'S CKT )

; . S
(, woolD RESORE CONSPIRACY OF ~ 1O PARTICLES

STNTE (S DESTROYED AFTER VERY SHORT TIME

\of PENDOLOM Ko ™ 403 )





